Nano-imprinting Lithography (NIL) has been considered as the most promising technique for nano-scaled fabrication and patterning. Recently, a new approach known as Laser-Assisted Direct Imprinting(LADI) has been proposed and demonstrated as an even more efficient way for direct nanofabrication and nanopatterning. In this study, we focused on silicon materials and utilized a single KrF excimer laser pulse (248 nm wavelength and 30 ns pulse duration) as the heating source. Molds of micro-scaled size have been prepared using conventional photolithography techniques. A working platform based on an Excimer Laser Micro-Machining system is constructed for LADI process. The influence of laser fluence and the imprinted pressure on the resulting structures was verifying by varying the laser fluence (1.0 ~ 1.2 J/cm 2 ) and the imprinted load (3 ~ 9kg). The results have shown that the morphology and the imprinted depth were directly related to the laser fluence and the imprinted pressure. Quantitative data are obtained and will be addressed.
Introduction
For decades, people have been looking for new methods to achieve high resolution and smaller line-width beyond the limitation of conventional photolithography. However, it is very difficult and expensive because most of the advancements have been accomplished by using shorter wavelengths light sources and much more complicated optical sub-systems, which were called Next Generation Lithography (NGL) [1] . For the escalating cost for NGL tools, several researches are searching for low cost alternative methods for fabricating sub-100 nm features. Nanoimprint lithography (NIL) was first announced that it is a promising technique for the low cost and high throughput manufacturing for sub-100 nm features [2] [3] [4] [5] [6] . In NIL experiments, a silicon-based mold which has sub-100 nm features was first fabricated by electron beam lithography and lift-off method , and then placed the mold on the thermal plastic polymer film such as poly-methlmethacrylate (PMMA). By heating up both the polymer film to it's glass transition temperature (Tg) and pre-loading the silicon mold against the polymer film, the mold can pressed into the polymer film and form a pattern. After that, using the RIE or ICP, the features on the mold were transformed to the substrate. However, the heating process of conventional nanoimprint lithography is time-consuming and thermal expansion of the polymer film also makes the process unstable. Recently, a novel technology, Laser-Assisted Directed Imprint, was proposed by S.Y. Chou et. al. [7] . This new imprinting technology is more direct in the nano-feature patterning. LADI process uses a single laser pulse to radiate on the substrate which is in contact with and pre-loaded by a quartz mold. The quartz mold is transparent to the laser. Due to the laser irradiating on the silicon, the near-surface was then heated and became melted. In the mean time, the pre-load mold was embossed into the silicon substrate. Subsequent cooling and solidification of the molten layer, the features on the mold were completely transformed to the silicon substrate. With the same concept, Y.F. Lu et. al. [8] [9] claimed that they use LADI to fabricate the hemispherical cavity arrays for the use of photonic band gap (BPG). Fig. 1 illustrates the basic concepts of NIL and LADI, as well as their difference. 
Experimental Setup
Mold fabrication. Quartz substrates were first cleaned by Pirrana (H 2 SO 4 : H 2 O 2 = 3:1, 120 o C), and this was followed by placing in acetone and isopropylalcohol, each for 5 minutes, with ultrasonic agitation, and then used deionized water rinsing for several minutes. The micron-scaled patterns were fabricated by conventional photolithography and reactive ion etching. After that, the mold was diced into 5×5 mm 2 , and the pattern area is 1×1 mm 2 . Fig. 2 shows the patterns after photolithography and dry etching. Fig. 3 shows that the depth of mold after dry etching process. From the profile measurements, the depth is determined around 200 nm. Laser-assisted direct imprint process. In reference [7] by Prof. Chou, it is demonstrated that the LADI process is performed well by XeCl excimer laser pulse (308 nm wavelength, 20 ns pulse duration) with laser fluence, 1.6 J/cm 2 . They have found that the range of laser fluence is from 0.8 to 1.6 which could melt the silicon surface sufficiently without ablation. Therefore, there are two important parameters, laser fluence and imprinted pressure, need to be determined accurately for a LADI processing. Laser source. The laser source we used in this work is a KrF laser (248 nm wavelength, 30 ns pulse duration). The laser fluence can be controlled by an attenuator and the projected laser pulse onto the substrate surface has a uniform laser intensity distribution by the optical projection path inside the excimer laser micro-machining system (Extech PS-2000). Fig. 4 shows the optical delivery system in side the machine. Fig. 4 . The pulse laser optical delivery system for LADI processing Loading mechanism. In reference [7] by Chou, the actual pre-loading pressure acted on the silicon has not been measured accurately and therefore is still an unknown. In this work, we have designed a novel working platform and loading mechanism for LADI processing. Fig. 5 illustrates the cross-section view of loading mechanism. The quartz mold is placed under another quartz plate to avoid damage or fracture of the mold. The load cell is placed between the silicon substrate and the base plate and is moving along with the linear bearing. From the measured total force by the load cell and the contact area, we can calculate the actual contact pressure between mold and silicon substrate.
The mold, sample, load cell, and laser source are aligned along the central line of the illustrated figure carefully to prevent the sample tilting and measurement errors.
Fig.5 Cross-section view of the designed working platform

Results
The laser fluence used in this work is fixed on the 1.11 J/cm 2 , but the applied load is different. We can clearly observe from Fig. 6 that the imprinted depth depends on the applied pressure, and the larger the imprinted pressure, the clearer the patterns is as can be seen in the silicon substrate. One can also see the fluid moving phenomenon on the imprinted silicon. The extrusive patterns on both sides have the tendency to merge together. If the pressure is big enough, the patterns may become a single line. The relationship of applied load and imprinted depth with different laser fluence are illustrated in Fig.  7 . In higher laser fluence, the larger load we applied, the deeper imprinted depth can be shown. The maximum imprinted depth is around 180~190 nm due to the depth of mold. From Fig. 7 load is larger than around 8kg, the maximum imprinted depth can be done with the three laser flunce we choose. Fig. 7 Relationship of applied load and imprinted depth with different laser fluence
Summary
We have demonstrated the realization of LADI process with the excimer laser micro-machining system and the designed loading mechanism. From the results, we find some interesting phenomenon. The imprinted depth depends on the laser fluence and the imprinted load, and the extrusive patterns have the tendency to merge together. Therefore, if the line-width of mold can reach the sub-micron scale, the extrusive pattern maybe merges together. It should be concluded, from what has been mentioned above, that Laser-assisted direct imprint technique has a great potential for the nanopatterning and nanostructures fabrication.
